ABSTRACT Aims/Introduction: The inverse association between soybean intake and type 2 diabetes mellitus has been reported. We investigated the effects of soybean product intake on the incidence of type 2 diabetes mellitus considering fasting and postload hyperglycemia. Materials and Methods: The present 4-year, cohort study included 1,738 men and 1,301 women, aged 30-69 years, without diabetes mellitus at baseline who underwent comprehensive medical check-ups between April 2006 and March 2007 at Saku Central Hospital. Participants were stratified by sex and body mass index (BMI), and further classified into three groups based on soybean product intake: group 1 (0-1 time/week), group 2 (2-3 times/week) and group 3 (four or more times per week). Participants underwent annual standard 75-g oral glucose tolerance testing during follow-up periods until March 2011. Main outcomes were incidence of fasting hyperglycemia, postload hyperglycemia and type 2 diabetes mellitus. Results: During 10,503 person-years of follow up, 204 participants developed type 2 diabetes mellitus, including 61 who developed fasting hyperglycemia and 147 who developed postload hyperglycemia. Among men with a high BMI, group 3 had significantly lower risk for the incidence of type 2 diabetes mellitus, fasting hyperglycemia and postload hyperglycemia than group 1, and multivariable-adjusted hazard ratios and 95% confidence intervals were 0.44 (0.22-0.89), 0.36 (0.15-0.96) and 0.40 (0.18-0.92), respectively. Similar results were not observed among men with low BMI or women. Conclusions: Soybean product intake prevented fasting and postload hyperglycemia and type 2 diabetes mellitus in men with a high BMI. Further long-term observation is necessary. (J Diabetes Invest, doi: 10
INTRODUCTION
The prevalence of type 2 diabetes mellitus is increasing worldwide. Type 2 diabetes mellitus is a major risk factor for cardiovascular morbidity and mortality. It has been reported that among patients with coronary artery disease, approximately 35 and 15% have had diabetes or prediabetes, respectively 1 . In addition, individuals with high postload plasma glucose (PG) levels have a higher risk of cardiovascular and all-cause mortality than individuals with high fasting plasma glucose (FPG) levels [2] [3] [4] [5] . Therefore, it is important to prevent postload PG levels, as well as FPG levels, from rising.
Type 2 diabetes mellitus is strongly associated with lifestyle, and many modifiable risk factors have been reported. Dietary soy is beneficial to health because of a high polyunsaturated fat, fiber, vitamin and mineral content combined with a low saturated fat content 6 . A meta-analysis showed that the substitution of soy protein for animal protein in the diet significantly lowered total cholesterol, low-density lipoprotein (LDL) cholesterol and triglycerides without affecting high-density lipoprotein (HDL) cholesterol 7 . Dietary soy also has the potential to decrease the incidence of type 2 diabetes mellitus. It has been reported that legume intake is associated with the modification of risk factors related to glucose intolerance 8 . Furthermore, the inverse association between soybean product intake and type 2 diabetes mellitus has been reported among women in two prospective studies 9, 10 . However, the definition of type 2 diabetes mellitus in the two studies was based on self-report. In addition, there has been no study investigating the effects of soybean product intake on the incidence of type 2 diabetes mellitus, and considering postload PG levels and FPG levels.
Therefore, we investigated the effects of soybean intake on postload PG levels, FPG levels and the incidence of type 2 diabetes mellitus. Specifically, the annual PG levels were determined in a Japanese population using a standard 75-g oral glucose tolerance test (OGTT).
MATERIALS AND METHODS

Participants
The Saku Study included community residents in the neighborhood around Saku Central Hospital (Nagano, Japan) who underwent annual comprehensive medical check-ups for the prevention and early detection of various diseases, including type 2 diabetes mellitus, cardiovascular disease and cancer. The Saku Study attempted to elucidate the incidence of and risk factors for type 2 diabetes mellitus among the Japanese population ; we excluded 30 participants with missing data at baseline and/or annual follow-up examinations. Thus, a total of 3,039 participants (1,738 men and 1,301 women), aged 30-69 years, were eligible for our analysis. Of these 3,039 participants, 2,157 (71.0%) underwent comprehensive annual medical check-ups for 4 years after the baseline examination.
The study protocol was in accordance with the Helsinki Declaration, and approved by the Ethical Committee of Saku Central Hospital.
Soybean Product Intake
Food intakes were assessed by a self-administered questionnaire (see Appendix S1). Soybean products included soybean, tofu, koyadofu (freeze-dried tofu), aburaage (deep-fried tofu) and natto (fermented soybeans). Participants were asked about the frequency of soybean product intake. Participants described the frequency of intake by choosing from the following options: zero to one time/week, two to three times/week and four or more times/week. The standard portion size of soybean products per time was 100 g. Milk, egg, fish, meat, fruits, vegetables and grain intakes at baseline also were assessed by a selfadministered questionnaire. For grain intake only, participants were asked about the frequency of intake per day. A standard portion size was specified for each food.
Study Procedure
In the morning after an overnight fast (12 h), all participants underwent a standard 75-g OGTT. Blood samples were obtained at 0 (fasting), 30, 60 and 120 min, with PG measured at all four times in the clinical laboratory of Saku Central Hospital. Blood glucose, HDL cholesterol and LDL cholesterol concentrations were measured by enzymatic methods. HbA 1c concentrations were measured by high-performance liquid chromatography. HbA 1c (%) was estimated as a NGSP equivalent value (%) and calculated using the formula HbA 1c (%) = HbA 1c (Japan Diabetes Society; %) + 0.4% 12, 13 . Weight and height were measured in the morning during the fasting state. Body mass index (BMI) was calculated as the weight (kg) divided by the height squared (m 2 ). Blood pressure was measured by trained nurses using an automatic sphygmomanometer, with the participant in a seated position after at least a 5-min rest. Additionally, the examination included standard questionnaires regarding demographic characteristics, medical history, family history and health-related habits. Smoking status was categorized as never-smoker, ex-smoker and current smoker. Alcohol consumption (ethanol) was categorized as 0, 1-139 or ‡140 g/week, and exercise was categorized into 0, 1-119 or ‡120 min/week.
Definition of Main Outcomes and Follow Up
We used the 1999 World Health Organization criteria to define type 2 diabetes mellitus 14 . Fasting hyperglycemia (FPG levels ‡7.0 mmol/L) and/or postload hyperglycemia (2-h PG levels ‡11.1 mmol/L) were indicative of type 2 diabetes mellitus. In addition, receiving medical treatment for type 2 diabetes mellitus was included in the definition of type 2 diabetes mellitus. All 3,039 participants were followed up annually at Saku Central Hospital by comprehensive medical check-ups over 2 days and 1 night, including the 75-g OGTT, until they developed type 2 diabetes mellitus or until March 2011. Individuals not examined during follow up were censored on the date of their last examination.
Statistical Analysis
We stratified participants by sex and medians of BMI (23.6 kg/ m 2 in men and 22.0 kg/m 2 in women) as follows: men with a low BMI, men with a high BMI, women with a low BMI and women with a high BMI. Additionally, based on their soybean product intake, participants were classified into three groups in each category of sex and BMI status: group 1 (0-1 time/week), group 2 (2-3 times/week) and group 3 (four or more times per week). Differences in baseline characteristics among these three groups were determined by using an analysis of variance for continuous data with a normal distribution, a Kruskal-Wallis H-test for continuous data with a non-normal distribution, and a chi-squared-test and Fisher's exact test for dichotomous data and categorical data.
Cox proportional hazards regression was used to estimate adjusted type 2 diabetes mellitus incidence hazard ratios (HRs) and 95% confidence intervals (CIs) for group 2 and group 3 compared with group 1. Furthermore, HRs and 95% CIs for fasting hyperglycemia (FPG levels ‡7.0 mmol/L) and postload hyperglycemia (2-h PG levels ‡11.0 mmol/L) were estimated. Model 1 was adjusted by age, and model 2 was adjusted by age, BMI, smoking status, alcohol consumption, physical activity, a family history of diabetes mellitus, green vegetable intake and fruit intake. The assumptions required for proportional hazards were met, and these were assessed with graphs of log-log plots. In addition, incident rates of impaired glucose tolerance (2-h PG ‡7.8 mmol/L) and impaired fasting glucose (FPG ‡6.1 mmol/L) among participants with normoglycaemia (2-h PG <7.8 mmol/L and FPG <6.1 mmol/L) at baseline were calculated. All data were analyzed using SPSS statistical software (Version 19.0J; SPSS Japan Inc., Tokyo, Japan). All reported P-values are two-tailed; those <0.05 were considered statistically significant. Table 1 summarizes the baseline characteristics according to categories of soy product intake in men. In men with a low BMI, age and smoking status were significantly different among groups of different soy product intake. In men with a high BMI, alcohol consumption was significantly different among groups of different soy product intake. Table 2 summarizes the baseline characteristics according to categories of soy product intake in women. In women with a low BMI, age, HbA 1c , smoking status and physical activity were significantly different among groups of different soy product intake.
RESULTS
In women with a high BMI, age, alcohol consumption and physical activity were significantly different among groups of different soy product intake. Dietary intakes except for grain intake were significantly different among both sex and BMI groups. The median follow up was 4.0 years (total person-years: 10,503), during which 204 individuals developed type 2 diabetes mellitus, including 26 defined as having type 2 diabetes mellitus by receiving medical treatment for this disease. Of those, 61 participants developed fasting hyperglycemia and 147 participants developed postload hyperglycemia. Because the youngest of these individuals was 40-years-old at baseline, all incident cases were assumed to be type 2 diabetes mellitus. Table 3 shows the multivariable-adjusted HRs and 95% CIs for the incidence of type 2 diabetes mellitus, fasting hyperglycemia and postload hyperglycemia according to groups categorized by soybean product intake in men. Among men with a high BMI, men of group 3 had a significantly lower risk for incidences of type 2 diabetes mellitus, fasting hyperglycemia and postload hyperglycemia than men of group 1, and the multivariableadjusted HRs and 95% CIs were 0.44 (0.22-0.89), 0.36 (0.15-0.96) and 0.40 (0.18-0.92), respectively. In addition, there were significant linear decreases in the multivariable-adjusted HRs for the incidence of type 2 diabetes mellitus and postload hyperglycemia (P for trend = 0.014 and 0.032, respectively). Figure 1 shows FPG and 2-h PG levels at the follow-up end among men who were diagnosed type 2 diabetes mellitus by 75-g OGTT. Of the men who developed type 2 diabetes mellitus among the men with high BMI, the number of men whose HbA 1c increased to more than 6.5% was eight (group 1: 0, group 2: 4, group 3: 4). When high BMI was defined as BMI ‡25.0 kg/m 2 , the number of men with high BMI were 514 (group 1: 37, group 2: 189, group 3: 288) and the multivariable-adjusted HRs and 95% CIs for type 2 diabetes mellitus, fasting hyperglycemia and postload hyperglycemia among group 3 in men with high BMI were 0.35 (0.15-0.81), 0.32 (0.09-1.11) and 0.31 (0.12-0.83), respectively. These significant associations between soybean product intake and incidence of type 2 diabetes mellitus were observed after further adjustment for fish intakes.
In addition, incident rates of impaired glucose tolerance and impaired fasting glucose among a subcohort of men with normoglycaemia at baseline are shown in Table 4 . Incident rates in group 3 were lower than that in group 1 among men with high BMI. The number of incident cases in women was too small to calculate the adjusted HRs, especially in group 1: 26 cases (group 1: 0, group 2: 11, group 3: 15) among women with a low BMI and 32 cases (group 1: 1, group 2: 7, group 3: 24) among women with a high BMI.
DISCUSSION
This is the first report of a prospective cohort study investigating the association between soybean product intake and incidence of type 2 diabetes mellitus considering fasting and postload hyperglycemia. The main findings showed that soybean product intake prevented the increase of 2-h PG, as well as FPG, in men with a high BMI. The findings are very important with regard to the prevention of cardiovascular disease, as well as type 2 diabetes mellitus.
The effect of soybean product intake on type 2 diabetes mellitus might be accounted for by the dietary fiber content and the glycemic index (GI) of soybean products. A previous study involving rats reported that long-term dietary fiber intake significantly improved the area under the curve of plasma glucose concentration over time, and lowered FPG and HbA 1c levels 15 . In addition, it has been reported that ingesting a low-glycemic load meal containing dietary fiber at breakfast significantly improves the breakfast postload glycemic response in adults with type 2 diabetes mellitus 16 . Soybean products include substantial concentrations of dietary fiber. Although rice, which is a major grain in Japan, has a high GI, the reduction of the GI occurred whether soybean products were taken together, before or after rice intake 17 . These effects of soybean products might play an important role in the prevention of increasing 2-h PG levels. In contrast, a previous cross-sectional study reported that dietary fiber intake was not associated with impaired glucose tolerance or fasting glucose 18 . The FPG, 2-h PG and HbA 1c levels at baseline were not associated with soybean product intake in the present study (Table 1) . Therefore, the effects of soybean product intake might appear in the long term.
The effects of soybean product intake on type 2 diabetes mellitus were not observed in men with a low BMI. Obesity is a major risk factor for the incidence of type 2 diabetes mellitus. FPG, 2-h PG and HbA 1c levels were better at baseline in men with a low BMI than in men with a high BMI. Therefore, men with a low BMI were at a lower risk for incidence of type 2 diabetes mellitus than men with a high BMI. To confirm the effects of soybean product intake on type 2 diabetes mellitus in men with a low BMI, long-term observation might be necessary.
Participants with a high intake of soybean products also consumed other healthy foods, such as vegetables or fruits. It has been reported that dietary patterns including higher intake of vegetables, fruits and soybean products were inversely associated with the risk of incidence of type 2 diabetes mellitus 19, 20 . Because we adjusted for vegetable and fruit intake in estimating the risk of type 2 diabetes mellitus, soybean product intake could be effective for type 2 diabetes mellitus alone. However, we cannot completely eliminate the effects of the intake of other healthy foods.
The strengths of the present study include the large, community-based cohort and extensive data on the diagnosis of type 2 diabetes mellitus based on OGTT using the current definition of the disease 14 . Furthermore, the 12-h overnight fast before OGTT was managed by being hospitalized from the day before, and the type 2 diabetes mellitus patients were screened every year. However, the study had several limitations. First, a nonvalidated questionnaire for food intake was used in the present study so that elderly participants could answer easily. Some misclassification of exposure to soybean product intake was inevitable. Second, an issue regarding dietary assessment is that total energy and nutrient intake determined from the questionnaire were not calculated and validated. Participants with a high intake of soybean products probably consumed more energy than those with a low intake of soybean products; highenergy intake usually increases the risk of type 2 diabetes mellitus, and the lack of adjustment for energy intake might cause an erroneous positive association. However, energy adjustment only strengthens, rather than diminishes, the inverse association between soybean product intake and the incidence of type 2 diabetes mellitus, which is the major finding of the present study. Third, the number of cases in some groups was small. The statistical power of group 3 in men with high BMI for the incidence of type 2 diabetes mellitus was approximately 75%. Further studies with large sample size are required. Finally, the estimated risks might be underestimated because of the regression dilution bias given that the question about soybean product intake was asked only once 21 .
In conclusion, the present findings suggest that soybean product intake prevented fasting and postload hyperglycemia in men with a high BMI. There was a dose-response relationship between soybean product intake and these outcomes. Although obesity is a major risk factor of type 2 diabetes mellitus, dietary habits could lower the risk of postload hyperglycemia, as well as fasting hyperglycemia. Furthermore, long-term observation is necessary to confirm the effects of soybean product intake on fasting and postload hyperglycemia in men with a low BMI.
